Abstract: Immune cells contribute to determining the prognosis of gastric cancer. However, their exact role is less clear.
INTRODUCTION

G
astric cancer is one of the common malignancies with high incidence in the world, especially in East Asian countries. 1 Currently, the main treatment of gastric cancer consists of surgical resection plus standard D2 lymphadenectomy, adjuvant chemotherapy, and some molecular targeting therapy. [2] [3] [4] Although our cognitions on gastric cancer have been significantly developed in recent years, the prognosis was still undesirable yet. In addition, it is very common that gastric cancer patients with the same TNM stage have the different long-term survival. Therefore, in order to improve the long-term survival, it is important to better understand the mechanisms of disease progression and find new effective predictive prognostic factors as the targets of interventions. Although many predictive factors have been evaluated, such as clinicopathologic factors, biomarkers, genes, and microsatellite instability, [5] [6] [7] their prognostic accuracies are controversial and an ideal factors has not yet been found. Recently, it became clearer that there is a positive correlation between the presence of tumor-infiltrating inflammatory cells (TLCs) and survival of patients with malignancies. [8] [9] [10] [11] [12] [13] [14] The types, density, and location of immune cells are even more accurate in predicting prognosis than the currently used the TNM stage for colon cancer, 8 which suggests that evaluation of the TLCs might be more useful for further comprehension of tumor development, prediction of prognosis, and immunotherapy.
Recent studies have highlighted several types of TLCs, such as CD3 þ T cells, CD8 þ T cells, regulatory T cells (T regs ), natural killer cells (NKC), neutrophils or macrophages cells (MAC), are associated with disease outcomes for various human cancers. [8] [9] [10] [11] [12] [13] [14] [15] For gastric cancer, it was reported that the combination of high numbers of intratumoral macrophage and T regs was associated with improved survival. 15 However, others showed the T regs played a role of immunosuppression and tumor progression in patients with gastric and esophageal cancers and led to a poorer prognosis. 16 Intratumoral high T regs /CD8 þ T cells ratio was an independent predictor for the worse prognosis of gastric cancer. 17 However, CD4 þ and CD8 þ TLCs were not associated with overall survival. 17 It was also found that tumor-infiltrating neutrophils were significantly associated with higher survival rates in gastric cancer, 18 but the presence of intratumoral neutrophil was an independent factor of poor prognosis for patients with other cancers. 12 Therefore, the above results provide strong evidence that immune cells contribute to determining the prognosis of gastric cancer. However, the exact role of immune cells in gastric cancer is less clear. On the other hand, whether immune cells play a protecting or promoting role only can be interpreted after understanding the definite functions of each cell phenotype in this process. 19 The aims of the present study were to determine the prognostic significance of different immune cells and their interactions in gastric cancer, including CD3 þ (Marker of T cells), CD4
þ (Marker of T helper cells), CD8 þ (Marker of cytotoxic T cells), CD57
þ (Marker of natural killer cells), CD68
þ (Marker of macrophage), CD66b þ (Marker of neutrophil), and Foxp3 þ (Marker of T regs ) cells. This study also aimed to establish an effective prognostic nomogram based on the immune cells infiltration. To our limited knowledge, this is the first report demonstrating prognostic values of various kinds of immune cells and their combined effects between cells. In addition, this is also the first time that the tumor compartments were considered separately by intratumoral tissue ( T ), stromal tissue ( S ), and adjacent normal tissue ( N ) simultaneously.
MATERIALS AND METHODS
Patients and Specimens
Formalin-fixed, paraffin-embedded specimens were obtained from 166 patients who under surgical resection for gastric adenocarcinoma in West China Hospital, Sichuan University between 2006 and 2009. Clinicopathological and follow-up data of these patients were collected from our prospective database of gastric cancer. Clinicopathological data including demographic parameters, tumor size (cm), Borrmann types, T, N, M, stage, and degree of tumor differentiation (well differentiated, moderate, poor, signet-ring cell, and mucinous type) were reviewed. Clinicopathological terminology was based on the Japanese classification of gastric carcinoma (3rd English version). 20 The West China Hospital research ethics committee approved retrospective analysis of anonymous data.
Follow-up
Overall survival was calculated from the time of surgery until death or the last observation for surviving patients. Followup assessments were performed every 3 to 6 months for the first 2 years, every 6 to 12 months for 3 to 5 years after surgery and then annually. 21 The postoperative follow-up was carried out by regular out-patient visits and telephone interviews. Follow-up information was updated to December, 2014. Reasons for those patients lost to follow-up were mainly due to cancellation of out-patient visit or change of telephone number and address. The overall follow-up rate was 90.36% (150/166). Sixteen patients were lost to follow-up.
Immunohistochemistry (IHC)
Formalin-fixed paraffin-embedded tissue specimens were consecutively sliced into 4 mm-thick sections. Primary polyclonal antibodies including anti-CD3 clone SP7 (dilution 1:250; Thermo Scientific, Fremont, CA), anti-CD4 clone 113 (dilution 1:200; Sino Biological, BDA, Beijing, PR China), anti-CD8 clone SP16 (dilution 1:150; Thermo Scientific, Fremont, CA), anti-CD57 clone NK1 (dilution 1:100; Thermo Scientific, Fremont, CA), anti-CD66b clone 80H3 (dilution 1:100; LifeSpan Biosciences, Seattle, WA), anti-CD68 clone KP1 (dilution 1:800; eBioscience, San Diego, CA), and anti-Foxp3 clone 236A/E7 (dilution 1:100; eBioscience, San Diego, CA) were used. A 2-step protocol (Novolink Polymer Detection System, Novocastra, Newcastle, UK) was performed on the paraffin sections for the immunohistochemistry. According to the manufacturer's instructions, paraffin sections were deparaffinaged in xylene and received gradient elution in ethanol. Then the slides were incubated in 0.3% H 2 O 2 to block the endogenous peroxidase activity. Antigen retrieval was carried out by immersing the slides in the hot water of 95 centigrade degree for $45 min. Incubation with primary antibodies was performed followed by washing with phosphate-buffered saline and then incubation with secondary antibodies using GTVision TM III Detection System/Mo&Rb (Gene Tech, Shanghai, PR China). The sections were pigmentized in 3, 3-diamiobenzidine (DAB) solution (dilution 1:50; Gene Tech, Shanghai, PR China) for $5 s under the monitoring of microscopic observation. Then all the sections were counterstained with haematoxylin. Negative control sections without primary antibodies were all performed in every series.
Evaluation of Immunohistochemical Variables
The number of immune cells was determined separately in the following compartment: (I) within the intratumoral tissue; (II) within the tumor stromal tissue at the invasive border; and (III) within the peripheral normal tissue (normal tissue with distance >1 microscope field at Â200 magnification from invasive border). Each section was evaluated for immune cells by microscopic examination (Â400; BX51; Olympus, Tokyo, Japan). Five noncontiguous microscopic areas that represent the densest immune cells were randomly selected for each compartment on each sample in order to ensure representativeness and homogeneity. The numbers of immune cells in the 5 fields were accumulated and then averaged to calculate the mean number for 1 computerized 400Â microscopic field (0.1590 mm 2 /field). The photographs were captured with a light microscope (BX51; Olympus, Tokyo, Japan) that connected with a personal computer and displayed on a high-resolution color 14-inch monitor. The evaluation of cells was performed by 2 independent pathologists that were blinded to clinicopathologic data. Variations in the enumeration, within a range of 5%, were re-evaluated and a consensus decision was made.
Statistical Analysis
Statistical analysis was performed using SPSS 19.0 (SPSS 1 , Chicago, IL). Variables of normality were tested, and if conforming to the normal distribution, data were expressed as mean AE standard deviation. Two independent t tests for quantitative data and chi-square test or Fisher's exact test for categorical data were performed; data were expressed as medians with a range taking the Spearman test into consideration. For all immunohistochemical variables, the median was used as the cutoff point for division of subgroups. [11] [12] [13] Survival curves were derived from Kaplan--Meier estimates, and the curves were compared by log-rank tests. Significant factors were identified by univariate analysis, and further examined by multivariate analysis. The multivariate regression was performed using the Cox proportion hazards model. A nomogram was formulated according to the results of multivariate analysis with R project (http://www.r-project.org/). The nomogram's predictive accuracy was measured via a concordance index (C-index) (the larger the C-index, the more accurate the prediction) and assessed by comparing prediction by nomogram and actual observed survival. A calibration curve showed as the plot of predicted probabilities from the nomogram versus the actual probabilities was generated. Comparisons between the nomogram and TNM staging systems 20 were performed in R and were evaluated by the C-index. Two-sided P value <0.05 was considered as statistical significance.
RESULTS
Patient Characteristics
The characteristics of patients are presented in Table 1 
Immune Cells in Gastric Cancer and Correlations of Different Immune Cells
þ , and CD66b þ cells showed cell membrane staining, whereas Foxp3 þ cells exhibited distinct nuclear staining. The distribution and density of positive cells varied substantially among samples. Representative images are shown in Figure 1 . The densities of intratumoral CD8 þ T cells ( T CD8 þ ) and T Foxp3 þ cells were highest compared to stromal tissue and adjacent normal tissue, whereas the densities of CD3 þ T cells, CD57 þ cells, and CD66b þ cells were the highest in stromal tissue. The density of CD68 þ cells was the highest in adjacent normal tissue. The density of CD4 þ cells was significantly higher in intratumoral tissue than that of stromal tissue, but higher without significance compared to adjacent normal tissue. The average counts of immune cells are shown in Table 2 . The densities of CD3 þ , CD4
þ , and CD8 þ T cells were strongly associated with each other in intratumoral tissues. The densities of CD8 þ and CD57 þ cells, as well as CD4 þ and CD68 þ cells, were also significantly correlated in intratumoral tissues. The density of Foxp3 þ cells was negatively correlated with CD3
and CD68
þ cells in intratumoral tissues with significant difference. Other correlations between the immune cells are listed in Table 3 .
Association of TLCs with Clinicopathologic Factors
Associations between the densities of TLCs and clinicopathologic factors are listed in Table 1 þ cells was not associated with either of these features. As expected, T Foxp3 þ cell density was higher in tumors reported as M1 or more advanced stages. In terms of lymphadenectomy and chemotherapy, no differences were observed between patients with lower densities of TLCs and those with higher densities of TLCs. 
Univariate Analysis
CD3 þ , T CD4 þ , T CD8 þ , T CD66b þ , T Foxp3 þ , S CD3 þ , S CD4 þ , S CD57 þ , S CD66b þ , S Foxp3 þ , N CD66b þ ,CD3 þ , T CD4 þ , T CD8 þ , S CD3 þ , S CD4 þ , S CD57 þ , S CD66b þ ,
and N Foxp3
þ cells were associated with better survival, whereas high densities of T CD66b
þ , and N CD66b þ cells were associated with significantly worse outcome. Patients with low density of T Foxp3 þ cells had longer overall survival (median, 74.4 months) than did those with high density (median, 34.98 months). Due to the existence of synergistic or antagonistic effects between different kinds of immune cells and between the different locations of immune cells, the combined influences were also evaluated. Our results suggest the subgroup of patients with high T CD57
þ ratio, and S CD4 þ / S CD8 þ ratio were significantly improved.
Multivariate Analysis
Clinicopathologic features and immunohistopathologic variables showing significances by univariate analysis were adopted as covariates when multivariate Cox proportional hazards analysis was performed. Details of the results are presented in Table 5 . The analysis revealed that tumor size, longitudinal tumor location, and N stage were factors to show independent prognostic significances.
þ ratio were associated with improved overall survival, whereas high density of T Foxp3 þ cells and
þ ratio demonstrated a significant association with poor survival (Figure 2 ). Figure 3A revealed the prognostic nomogram integrating all significant independent factors identified in multivariate Ia  15  5  10  8  7  7  8  7  8  9  6  7  8  10  5  Ib  8  2  6  2  6  3  5  2  6  7  1  4  4  3  5  IIa  8  2  6  3  5  3  5  4  4  2  6  5  3  3  5  IIb  33 19 14  12 21  11 22  12 21  17 16  10 23  24  9  IIIa  12  6  6  6  6  6  6  5  7  5  7  5  7  7  5 analysis. The C-index of our nomogram for predicting the prognosis was 0.83 with the 95% CI from 0.78 to 0.87. The calibration curve for likelihood of survival at 3 or 5 years demonstrated favorable consistency between the predictive value of the nomogram and actual observation ( Figure 3B and C). Compared with the TNM staging system (0.70, 95% CI: 0.65-0.76), the C-index of our nomogram was statistically higher (P < 0.001), which validate the nomogram as a useful model to predict the long-term survival of gastric cancer patients.
Prognostic Nomogram for Overall Survival and its Predictive Accuracy
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DISCUSSION
Immune cells in the tumor microenvironment have been reported to impact on cancer development, progression, and cancer-related immune reactions, which has emerged as the hotspot of cancer research. 22 In the present study, we performed an immunohistochemical evaluation of immune cells in gastric cancer. To our limited knowledge, this is the first report demonstrating prognostic values of various kinds of immune cells and their combined effects between different cells. In addition, this is also the first time that different immune cells IIIb  25 13 12  8  17  11 14  14 11  13 12  11 14  10 15  IIIc  43 20 23  27 16  23 20  25 18  19 24  26 17  21 22  IV  22 16  6  17  5  19  3  14  8  11 11  11  7  5 46 42 Clinicopathological terminology was based on the Japanese classification of gastric carcinoma (3rd English version). HD ¼ high density, LD ¼ low density.
Ã Comparisons were performed with the chi-square test for categorical variables. were examined in intratumoral area, stromal area, and adjacent normal tissues simultaneously. With respect to the association between TLCs and clinicopathologic factors, we found low-density T CD4 þ and T CD8 þ cells correlated positively with M1, lymph nodes metastasis, and more advanced stages. T Foxp3 þ cell density was higher in tumors reported as M1 or more advanced stages. These results are in agreement with the hypothesis that CD4 þ and CD8 þ cells regulate the immune system positively, whereas Foxp3 þ T regs negatively. It is reported the CD4 þ /CD25 þ T regs populations in peripheral blood and tumor tissues of patients with gastrointestinal malignancies were significantly higher compared with healthy volunteers, which might means T regs could aggress to peripheral blood with the progression of cancer. 16 
þ ratio had no prognostic role in gastric cancer. However, none of the factors mentioned above were found to be associated with overall survival in multivariate survival analysis. Some research has reported that the density of T CD3
þ TICs decreased during tumor progression, 23 and survival outcomes were improved in patients with a higher density of T CD3 þ cells. 24 Patients in the high-density groups for T CD3 þ and T CD8 þ cells had a significantly longer survival time. 25 However, other studies also reported CD8
þ T cells producing interleukin-17 could promote tumor progression. 26 We think there are likely several aspects that are responsible for our results and the discrepant research. First, CD4
þ lymphocytes include a group of heterogeneous T lymphocytes, which can secret diverse cytokines. 27 The presence of specific T-cells could be modulated by other components. Second, the activation status, rather than just the existence of CD8 þ cells has great prognostic significance. 28, 29 It has been reported the activity and the number of cancer peptide-specific T cells need to be enhanced by vaccination with the appropriate cancer antigenic peptides. 30 Third, our 32 It has been reported that the recruitment of NK cells could exhibit strong antitumor activity and generate a better prognosis in gastric adenocarcinoma. 33 However, an increased proportion of CD57 þ cells in the circulation indicates a poor prognosis in advanced gastric cancer. 34 One reasonable explanation for this is that the activity of NK cells is regulated by different cytokines and many cell subsets, even cancer itself. It has been reported that gastric cancer cells may decrease NK cytotoxicity through releasing the negative regulated cytokine, IL-10. 35 Neutrophils comprising CD66b have been identified as a poor prognostic factor in many kinds of cancers, including gastric cancer. 12, [36] [37] [38] Our study is consistent with these studies, because we observed that densities of T CD66b þ , N CD66b þ , cells and T CD66b/ S CD66b þ ratio were associated with poor outcome in univariate analysis although the density of S CD66b þ cells was showed to result in improved survival. Also, the the T stage was a significant prognostic factor for gastric cancer. However, the T stage has not been identified as a significant prognostic factor in the present study, which may be attributed to 2 reasons. First, type II error probably existed in our results because the sample size may be relative small. Second, many variables were included into the multivariate analysis in our Cox model just like TICs, N stage, M stage, radical degree, and so on. Thus, there might be some interactions among these included factors. And the prognostic effect of T stage may be neutralized by other factors. Our nomogram showed good performance in predicting survival, which was supported by the C-index and the calibration curve. Our nomogram also demonstrated more accuracy than the conventional TNM system for predicting prognosis in gastric cancer. These results could provide a possibility for doctors to predict the prognosis of gastric cancer accurately in clinic through evaluating the resected specimens with these identified novel independent predictors. However, we should notice that the prognostic accuracy of the suggested nomogram has been conducted in the same population where the nomogram was calculated as internal validation in the present study. Although internal validation could prevent against overinterpretation of current data, they cannot ensure external applicability. Whether our nomogram can be universally applied is still to be determined. Therefore, the nomogram needs to be validated externally in the future and it is a question that requires careful clinical judgment. On another hand, the immune reactions, which were proven to be associated with the overall survival in our multivariate analyses, were included in the nomogram comprising more prognostic variables than the traditional staging system. Thus, it can be inferred that part of the prognostic value of TNM system might derive from major underlying differences of quality and density of infiltrating immune cells. 8 However, the exact mechanisms of how immune cells influence the overall survival and interact with each other are far from completely understood. Therefore, further studies are needed to focus on the relationship between the tumor microenvironment and immune cells.
In conclusion, high T CD68 þ / S CD68 þ ratio and T CD8 þ / T Foxp3 þ ratio were associated with improved overall survival, whereas high density of T Foxp3 þ cells and T CD66b þ / S CD66b þ ratio demonstrated poor overall survival, which are promising independent predictors for overall survival in gastric cancer.
